The role of various cell wall components of nonencapsulated Staphylococcus aureus in phagocytosis and killing was studied. Adsorption of human serum with S. aureus cell walls, or trypsin-digested cell walls, reduced the rate of phagocytosis and killing of S. aureus by human-blood leukocytes when compared to unadsorbed serum. When the various components of the cell walls were used for adsorption, only the intact mucopeptide was found to remove these factors. Products of digestion of this mucopeptide with several enzymes were found to be inactive when used for adsorption of human serum. Other components tested were teichoic acids a, f, and combinations of both and protein A. When used in equivalent amounts, these were found to have no effect on the removal of serum factors necessary for phagocytosis and intracellular killing of S. aureus.
It has been shown in the previous report (19) that Staphylococcus aureus strains, as well as some other gram-positive and gram-negative bacteria, yeast, and some inert particles, adsorbed the phagocytosis-promoting factors for S. aureus from human sera. The following studies were undertaken to determine which of the available cell wall components of nonencapsulated S. aureus of the ordinary kind are involved in the interaction of sera, bacteria, and leukocytes.
The S. aureus cell wall preparation, which removed phagocytosis-promoting and killing factors from serum, was further refined to obtain mucopeptide, mucopeptide digests, teichoic acids, and protein A. When these components were used for adsorption of serum, only the mucopeptide was found to be involved in the interaction.
As it was previously reported (15) that adsorption with S. aureus cell wall teichoic acid removed the phagocytosis-promoting and killing action for S. aureus, this study has been reviewed quantitatively in the present report, by using the teichoic acids from several strains of S. aureus.
Immune rabbit sera were absorbed with homologous cell wall teichoic acids or protein A at the equivalence point as tested in double-diffusion I Present address: Department of Food Microbiology, Faculty of Nutritional Sciences, School of Medicine, Tokushima University, Tokushima-City, Japan. agar plates. The absorbed and unabsorbed sera had the same effect on the rate of phagocytosis and intracellular killing of homologous S. aureus in normal rabbit polymorphonuclear leukocytes or monocytes. Similar results were obtained when normal human serum was absorbed with teichoic acid and protein A and tested with human-blood leukocytes. In view of the present report, it can be concluded that the interpretation (15) that the teichoic acids are critical acceptors for phagocytosis-promoting antibodies was in error, probably due to the great excess of teichoic acid used for absorption.
MATERIALS AND METHODS S. aureus strains used in these experiments, the procedure for immunization of rabbits with heatkilled S. aureus, the agar-gel precipitation test, preparation of human-blood leukocytes, rabbit exudative monocytes, and polymorphonuclear leukocytes, and the experimental procedures are the same as described in the previous study (19) .
Preparation of S. aureus cell wail components: undigested cell walls of S. aureus 3528 and Micrococcus lysodeikticus. The bacteria were cultured at 38 C for 20 hr with aeration in a medium consisting of beef extract, 5 g; glucose, 10 g; NaCl, 1 g; Na2HPO4 *2H20, 7.5 g; NaH2PO4, 3 g; peptone, 10 g; NH4Cl, 1 g; Na2SO4* 1OH20, 0.5 g; MgSO4* 7H20, 6.2 g; thiamine, 2 mg; and nicotinic acid, 4 mg/liter of distilled water.
Disintegration of the washed cells essentially 750 followed the method of Bleiweis et al. (2) by using a Braun homogenizer with glass powder. The disintegrated cell suspension, after filtration through a glass filter to remove the glass powder, was centrifuged at 4,000 rev/min (Sorvall SS-34 Rotor) for 10 min. The supernatant was again centrifuged at 10,500 rev/min for 30 min to obtain the sediment containing "crude cell walls." The crude cell walls were washed twice each with 1 M NaCl and distilled water and then lyophilized to obtain the "undigested cell walls." Approximately 1.5 g (dry weight) or S. aureus was used for disintegration, and 280 mg (dry) of undigested cell walls was yielded.
Digested cell walls of S. Preparation of protein A from S. aureus cell walls. Protein A from cell walls of S. aureus was prepared by the method of Forsgren and Sjoquist (7), in which crude protein A was partially purified by chromatography on diethylaminoethyl (DEAE) and G-100 Sephadex.
Protein A also was kindly supplied by John Sjoquist of the University of Uppsala, Sweden. This was prepared in the following manner. The cells were digested by lysostaphin. The supematant was adjusted to pH3, by addition of HCl, and the precipitate formed was centrifuged off and discarded. The supernatant was neutralized and ammonium sulfate was added to 80% saturation. The precipitate was recovered by centrifugation, dissolved in distilled water, and dialyzed against 0.1 M ammonium bicarbonate. Chromatography was done repeatedly on DEAE and G-150 Sephadex (personal communication).
Adsorption of serum. To 1 ml of 1:2 diluted serum was added the S. aureus cell wall component in the amount stated in experimental results. The mixture was rotated at 37 C for 60 min and kept in the refrigerator overnight. It was then centrifuged and the supernatant was filtered through a 0.45-Mm membrane filter (Millipore Corp., Bedford, Mass.). A sample of serum which did not contain adsorbing materials was processed in an identical manner and used as control.
RESULTS
Adsorption of normal human serum with S. aureus cell walls and mucopeptide. S. aureus 3528 cell walls, undigested or digested with trypsin, and cell wall mucopeptide, prepared as described above, were used for adsorption of normal human serum. A 2-mg amount of these cell wall components, the amount comparable to 2 X 101" organisms, was used for adsorption of 1 ml of 1:2 diluted normal human serum as mentioned above. Figure 1 experiments on autologous blood leukocytes and sera from two to seven normal humans. It can be seen that absorption with the three soluble mucopeptide digests alone or in the above combination did not have any significant effect (P > 0.25) on the ability of the serum to promote phagocytosis and killing in contrast to adsorption with the undigested, intact mucopeptide.
Absorption of immune rabbit serum and normal human serum with S. aureus cell wall teichoic acids. It was reported (15) that absorption of human serum with S. aureus cell wall teichoic acid removed both the phagocytosis-promoting and killing effects of serum. In that report an excessively large amount of teichoic acid was used for absorption (25 mg/ml of 1 :10 serum). Since this large amount of excess soluble antigen remained in the test system, it might have had an inhibitory effect on the leukocyte functions.
In the present study, rabbits were immunized with the following heat-killed S. aureus strains: (i) 3528, which contains 95 to 100% oa and 0 to 5% # teichoic acid; (ii) H, which contains 0 to 5% a and 95 to 100% ,B teichoic (16); and (iii) Copenhagen, 18Z, and Wood 46, which contain a combination of both. The antisera were absorbed with teichoic acid from the homologous organism and tested against the homologous organism. The amount of teichoic acid used for absorption was based on the determination of the equivalence point of antigen-antibody reaction. An example, Fig. 4 , shows a diagram of precipitin lines on an Ouchterlony plate with rabbit immune serum absorbed with various amounts of the homologous teichoic acid, from 10,gg/ml of one half diluted serum to 500 ,ug. Absorption with 500 tig of soluble teichoic acid was in the area of excess antigen, giving a heavy line with the neighboring wells of unabsorbed serum or serum absorbed with 25 ,g/ml of teichoic acid but showing no reaction with the center well containing 10 Mg of teichoic acid. Sera, either unabsorbed or absorbed with 10, 25, and 50 Mug of teichoic acid show precipitin lines with the antigen in the center well. As 100 MAg was found to be the equivalence point for this and other teichoic acid-anti-teichoic acid reactions, this was the amount used for all absorptions. Figure SA shows an example of an experiment in which normal rabbit monocytes and rabbit anti-Wood 46 serum were absorbed with 100 Mug of Wood 46 teichoic acid, the equivalence point, or with 500 Mg, an excess of antigen. Results from these two sera are not significantly different from that of the unabsorbed serum. The same result was observed (Fig. SB) with 100,g of the different teichoic acids, were used with human blood leukocytes, and the strain of S. aureus corresponding to each of the teichoic acids was used for absorption. Experimental results were obtained by viable counts of intracellular and total bacteria and by microscopic examination of stained cover slips for the number of leukocytes containing bacteria. Statistical analyses of variances of results from this variety of conditions show that differences between use of absorbed and unabsorbed sera are well below the amount conventionally regarded as significant in all cases. The contradiction between results given here and that of previous work (15) could be due to the extremely large antigen excess formerly used, resulting in nonspecific effects.
Absorption of serum to determine the relationship of S. aureus cell wall protein A to phagocytosis and killing. Three different methods were used to test the effect of protein A on phagocytosis and killing of S. aureus. As has already been shown in Fig. 1 , digested cell walls, which lack protein A, behaved similarly to the undigested cell walls, in that the factors necessary for phagocytosis and killing were removed to about the same extent. The second method compares the effect of adsorption of human serum with heat-killed and live Wood 46, which lacks protein A, to that of adsorption with Cowan I, which contains a large amount of protein A. Procedures for adsorption have been described in the previous report (19) . Figure 6 shows that adsorption with either of these organisms removed the phagocytosis-and killing-promoting factors for S. aureus 18Z, again to the same extent. The direct effect of protein A was studied by using a preparation of protein A obtained from S. aureus 18Z. The sera from rabbits immunized with heat-killed S. aureus 18Z were absorbed with various amounts of protein A and were tested in Ouchterlony plates for determination of the equivalence point of antigenantibody. Figure 7A shows the results of such an experiment with normal rabbit monocytes and rabbit anti-S. aureus 18Z serum absorbed with 50,g of S. aureus 18Z protein A (equivalence point). In Fig. 7B , human sera was absorbed with an amount equal to that used with the rabbit antiserum and tested with autologous human blood leukocytes. In both cases S. aureus 18Z was used as test organism. No significant difference was noted in either case when compared to unabsorbed serum (P > 0.5).
A preparation of protein A supplied by John Sjoquist was also used for absorption of serum from a rabbit immunized by repeated infection with live S. aureus 18Z and phage-lysed staphylococci. Immune 
DISCUSSION
The cell wall of nonencapsulated S. aureus includes an outer layer usually containing protein A and an inner layer of a mucopeptideteichoic acid complex which probably also is exposed to some degree at the surface. The teichoic acids are N-acetyl-glucosaminides of ribitol phosphate with D-alanine ester linkage and occur in two forms, depending upon whether the N-acetyl-glucosaminide is linked in a or, configuration. The surface of S. aureus also contains various factor-specific antigens and phage receptor sites. These materials occur in very small amounts and have not been isolated from the cell wall materials (14) .
In the present study, attempts have been made to identify which one of the available cell wall components is most directly involved in the interaction between serum, bacteria, and leukocytes.
Mudd et al. (15) reported that the phagocytosispromoting factors and killing of fresh human serum could be removed by adsorption with S. aureus cell wall teichoic acid or with a, :-methyl-N-acetyl-D-glucosaminide. However, large amounts of absorbing materials were used, and the presence of an excessive amount of soluble antigen in the test system might have had a nonspecific effect on phagocytosis. In the present study the effect of absorption of hyperimmune rabbit sera with homologous S. aureus cell wall teichoic acids of a,: or a-: configurations has been quantitatively reviewed. Serum absorbed with teichoic acid at the equivalence point of antigen-antibody, as tested in Ouchterlony plates, behaved similarly to the unabsorbed serum when used for phagocytosis and intracellular fate of S.
aureus.
Forsgren and Sjoquist (7, 8) and Forsgren (6) reported that protein A from S. aureus reacts nonspecifically with the Fc fragment of gamma-G globulin. Martin and White (13) indicated the presence of both specific and nonspecific antigen A precipitins in human sera. Lind and Mansa (10) reported that some strains of S aureus, termed reactive, absorbed all gamma-G globulins including homologous antibodies, whereas others, which they termed nonreactive, absorbed only the homologous antibodies. They feel that the reactive strains might contain a large amount of protein A. Dossett et al. (4) (9, 14) . Augmentation of resistance through activation of reticuloendothelial function has been shown with some organisms including Mycobacterium tuberculosis (11) , Brucella (18) , Listeria (12) , and Salmonella (17) . The possibility of cellmediated resistance in relation to S. aureus is being studied by using other methods of immunization.
